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Abstract
The production rates of the vector meson ρ0(770), the scalar meson f0(980) and the tensor
meson f2(1270) have been measured in hadronic Z decays as functions of scaled momentum
xp = pmeson/pbeam, and compared to Monte Carlo calculations. The influence of Bose-Einstein
correlations on the pi+pi− mass spectrum, obtained by subtracting the background of pion pairs of
the same charge, was investigated when extracting the resonances. For this analysis 3.3 million
hadronic events are used, recorded by the ALEPH detector at LEP at a centre-of-mass energy
near
p
s = 91.2 GeV.
Contribution by ALEPH to the 1999 summer conferences
1
1 Introduction
Inclusive resonance production has been intensively studied in Z decays at LEP [1, 2, 3, 4]. With
the high statistics accumulated it is possible to measure also the production properties of some
higher spin mesons such as the f2(1270). The results on the production of ground state (e.g. ρ
0)
and orbitally excited L=1 mesons (e.g. f0(980), f2(1270)) are of interest for testing Monte Carlo
(MC) models of the hadronisation process and to determine free parameters of these models. This
paper describes a new measurement of the dierential production rates as a function of scaled
momentum xp = pmeson/pbeam of the resonances ρ
0, f0(980) and f2(1270) via their decays to




A description of the ALEPH detector and its performance can be found elsewhere [12, 7].
Multihadronic events of the type Z ! qq have been preselected using standard criteria [6]. An
energy-flow algorithm [7] provides a list of charged and neutral particles in each event. To further
clean the sample, the number of energy-flow objects has to be larger than 15 and the total visible
energy has to exceed 46.5 GeV. To obtain events well contained in the detector, the polar angle of
the thrust axis is required to be in the range 30 < thrust < 150. From 3.3 million preselected
events recorded by the ALEPH detector during 1992-1995 at the Z peak (
p
s = 91.2 GeV), a
sample of 2.8 million events is selected.
The following analysis uses only the charged tracks measured by the tracking system. Since
we are interested in charged pions coming from the interaction point, two further cuts have been
applied: the distance of closest approach of these tracks in the plane perpendicular to the beam
and along the beam has to satisfy d0 < 0.3 cm and z0 < 3.0 cm, respectively. The ionisation
energy loss has to be consistent with the pion hypothesis within 3σ. The eects of the detector
and of the selection cuts is studied with 107 JETSET 7.4 Monte Carlo events which have been
processed through a full detector simulation and analyzed in the same way as the data.
2.2 pi+pi− mass spectrum and Monte Carlo
Figure 1 shows the unlike-sign (+−) and the like-sign (++,−−) invariant mass spectra in the
data. Only combinations in the same hemisphere as dened by the thrust-axis are considered in
order to reduce the combinatorial background. The ρ0 and the f0 have to be disentangled from a
huge background. To further reduce this background, the like-sign spectrum has been subtracted,
and the resulting spectrum is shown in Fig. 2. The subtracted mass spectrum of fully simulated
JETSET events shows large discrepancies with the data (Fig. 3): the ρ0 resonance in the data
appears to be shifted towards a lower mass, and the shape is very dierent below the ρ0 region. As
is known from [8, 9], the description can be much improved by the introduction of Bose-Einstein
(BE) correlations among like-sign identical particles in the Monte Carlo (subroutine LUBOEI).
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These correlations are implemented as nal state interactions changing the like-sign pair momenta.
The relevant parameters are given in Table 1 together with the values used.
The calculations are done without detector simulation for various values of the strength
parameter λ and the inverse region size 1/σ. The components aected are the decay products
of the broad resonances ρ0 and f2, and the combinatorial background, while the decay products
of the f0 resonance and of the reflections from K
0, ω, η, η0 are assumed to be unaected. It
is worth noting that LUBOEI works properly only for input values of 1/σ smaller than 0.35
GeV. Beyond this limit the value of 1/σ that can be extracted from the output (Q distribution,
Q =
√
m2pipi − 4m2pi) does not agree with the value given in the parameter le.
In the default version of JETSET, all resonances are generated as truncated S-wave relativistic
Breit-Wigner (BW) functions. For a more realistic description, the following parametrisation
[9, 10] has been implemented:
BW (m) =
m m0  Γ(m)
(m2 −m20)2 + m20  Γ2(m)
(1)
with:









l = 0, 1, 2 (2)
where the pipi angular momentum is set to l=0 for the f0, l=1 for the ρ
0, K0 and l=2 for the
f2, and where m is the pi
+pi− invariant mass. PDG [11] values are used for the central mass m0 and
for the width Γ0. Other parametrisations may be used for the width. However, the dependence of
the shape on Γ(m) is small [9]. The shapes have been generated within the mass range 0.28{3.0
GeV. In the case of the f0, the mass and width have been left free in the rst series of ts since
its width is not well known [11]. For the extraction of the nal rates, however, the mass and
width have been xed to the average values m0 = 0.97 GeV and Γ0 = 0.051 GeV obtained in the
dierent xp bins, which are consistent with the PDG values. The shape of the reflections from the
ω0, η , η0 as well as the K0S are taken from the full MC simulation.
2.3 Fit procedure
The analysis is performed in eight intervals of the scaled pair momentum xp = j~p(pipi)j/pbeam over
the range 0.005{1.0. Detector eects such as acceptance and resolution and the eects of the





calculated with the large sample of fully reconstructed MC events (with cuts) and compared to the
same sample of events before detector simulation (gen.). This is done for each type of contribution
i (resonance signals, reflections, background) and for each xp bin. Due to the truncation of the
3
resonances in the fully simulated MC sample, the acceptance function can be evaluated only
within the available range. Beyond the upper limit the acceptance function has been extrapolated
linearly. The function used to t the uncorrected like-sign-subtracted pi+pi− mass spectrum is the
sum of the three signals ρ0, f0, f2, of the combinatorial background and of the other reflections:
F (m) = BG(m, λ, 1/σ) +




BG(m, λ, 1/σ) = ABG(+/−)(m)BG(m, λ, 1/σ)−
n1  (1 + n2 Q)  ABG()(m)BG(m, λ, 1/σ) (5)
where Q =
√
m2pipi − 4m2pi. The normalizations (n1,. . . ,n5), the strength parameter λ and the
inverse region size 1/σ are taken as free parameters. The normalizations of the ω0 and K0 are
left free in the t, with the exception of the two lowest xp bins for the K
0, where it has been
xed to the measured value. The normalizations of the η, η0 and K0S are xed to the MC values.
The linear term (1 + n2Q) allows for some additional variation of the background. The t range
has been chosen as 0.38 - 2.5 GeV in mass. The lower limit is set by the acceptance function and
avoids most of the η, η0 reflections.
2.4 Systematic errors
In Table 3 the systematic errors on the meson rates are listed. To estimate the systematic errors
for the ρ0, the rate of the K0 has been varied by 15%. Also the eects due to uncertainties on
the mass and width of the resonances themselves have been studied, changing the mass and width
according to the uncertainties given in [11]. The largest contribution to this error arises from the
uncertain mass and width of the f0. Due to the lack of knowledge about the acceptance functions
in the upper mass regions, the extrapolated part of the functions has been varied. The overall
normalization has been changed by 15%, and the slope has been varied by 10%. It turns out that
the eects are rather small except for the f2 for which this region is relevant. Finally, the selection
cuts have been varied and also dierent shapes for the resonances have been tested.
3 Results
The results of the least squares ts to the mass spectra in the eight xp intervals are shown in Fig.4{
11. The ρ0 and f0 signals are clearly visible in all xp intervals. The inclusion of BE correlations
leads to a satisfactory description of the mass spectra, with a typical χ2/dof  1.5 per xp bin.
The resulting average value for the BE strength parameter is λ = 2.0, in agreement with an earlier
publication [5]. The data show indeed the assumed absence of BE correlations for the f0 decay
products.
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The production rates of the resonances are given in Table 2. They are dened by the integral
over the Breit-Wigner shape within 2.5 Γ0 around the central masses, and were corrected for
their branching fractions into pi+pi−. The extrapolation from xp=0.005 to zero momentum was
done using JETSET. The measured rate for the ρ0 agrees with the earlier ALEPH result, but is
somewhat higher than the DELPHI value [14]. The f0 and f2 rates agree very well with those of
[14] and [4], with the exception of the f2 value from OPAL which is lower.
From the dierential distributions 1/Nhaddn/dx shown in Figs. 12, 13 and 14 it is seen that
the three resonances are produced with similar xp-dependence. The predictions of JETSET, with
parameters tuned as described in [15], are in reasonable agreement with the ρ0 and the f2 data.
In this tuning, the production ratio f0/f2 has been set to 1/5 according to naive counting of spin
states. This assumption seems to be in disagreement with the data.
4 Conclusions
The fragmentation functions and total inclusive rates for three resonances ρ0, f0 and f2, have
been measured at the Z peak using most of the LEP1 statistics. In order to explain discrepancies
between data and Monte Carlo in the like-sign subtracted pi+pi− mass spectrum, Bose-Einstein
correlations have been taken into account. The total rates per hadronic Z decay are 1.480.06
for the ρ0, 0.1660.013 for the f0 and 0.2110.020 for the f2. The values for the f0 and f2 agree
well with those from DELPHI, but the value for the ρ0 is higher than the DELPHI value. The
fragmentation functions are found to be similar for the three resonances.
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parameter value used description
MSTJ(51) 2 inclusion of BEC or not (0), and the shape of the
distribution (2=gaussian)
MSTJ(52) 9 number of particle species aected by BEC (9 ! pi+,
pi−, pi0, K+, K−, K0L, K
0
S, η, η’ )
PARJ(91) 0.1 GeV minimum particle width above which particle decays are
assumed to take place before BE eects are introduced
PARJ(92) free param. nominal strength of BE eects = λ
PARJ(93) free param. size of the BE eect region in terms of the four-
momentum dierence Q (inverse region size 1/σ)
Table 1: JETSET parameters used for Bose-Einstein correlations (BEC).
ρ0(770) f0(980) f2(1270)
ALEPH 1.478 0.017 0.062 0.166 0.006 0.011 0.211 0.012 0.016
DELPHI 1.192 0.059 0.085 0.164 0.015 0.015 0.214 0.032 0.020
OPAL 0.141 0.007 0.011 0.155 0.011 0.018
Table 2: Measured average multiplicities for ρ0, f0(980) and f2(1270) per hadronic Z decay,
compared to results from other LEP experiments.
source of error ρ0 f0 f2
t range 0.95 0.69 2.23
K0 3.14 2.75 0.81
K0S and other 1.51 1.76 1.81
acceptance extrap. 1.09 2.05 3.22
d0, z0 0.60 1.48 1.55
dE/dx 0.88 0.81 4.24
m0, Γ0 1.50 4.75 3.92
sum in quadrature 4.20 6.38 7.42












































MC 92-95 (no BEC)
Data 92-95
Figure 3: Comparison between like-sign-subtracted invariant pi+pi− mass distribution of the data



















































































































x p ALEPH data 92-95•
JETSET 7.4
ALEPH publ. 1995















x p ALEPH data 92-95•
JETSET 7.4














x p ALEPH data 92-95•
JETSET 7.4
Figure 14: Dierential cross section for the f2(1270)
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